Water is essential for human life and necessary for economic development and growth. One could argue that nowhere is sustainability more important than in maintaining a safe, dependable water supply, especially in the semi-arid Southwestern United States. While the LEED program has emphasized sustainability in facility design, civil infrastructure projects have lagged behind to some degree. This paper reviews some of the concepts of sustainability for water supply projects and the importance of developing a water supply that meets the current needs of a population while looking forward to the needs of future generations. The paper also includes a brief summary of the new rating system developed by the Institute for Sustainable Infrastructure (ISI). The goal of the Envision TM rating system is to establish a holistic approach to evaluating and rating infrastructure projects posing two questions: "Did we do the right project?" and "Did we do the project right?"
Introduction
People have always needed and will always need water. Water is essential for human life and necessary for economic development and growth. Therefore, one could argue that nowhere is sustainability more important than in maintaining a safe, dependable water supply; this is especially true in the semi-arid Southwestern United
States.
There has been increasing desire in the last few years for owners and engineers to incorporate sustainable concepts in their planning and design. While the LEED program has emphasized sustainability in facility design, civil infrastructure projects have lagged behind to some degree. However, it is likely that most engineers and owners have actually been implementing sustainable practices for years without acknowledging them as "green," "environmentally-friendly," or "sustainable" initiatives. For example, reducing power consumption to reduce costs also reduces carbon emissions. Many other examples could be cited, including the use of recycled materials in new construction. The Envision TM rating system (ISI, 2012) will allow engineers and owners to recognize sustainable practices already in place and help advance project sustainability to the next level.
This paper focuses primarily on the definition and use of the Envision TM rating system for big-picture water supply planning, and the design, construction, operation, and maintenance of water transmission systems. This paper will also provide suggestions and considerations for using the Envision TM rating system and implementing sustainability in every step of a water supply project.
Envision TM Rating System
The Institute for Sustainable Infrastructure(ISI) was established in early 2011
and was founded by three civil engineering associations, the American Society of Civil Engineers (ASCE), the American Council of Engineering Companies (ACEC), and the American Public Works Association (APWA). The purpose of ISI is to improve the performance and viability of public infrastructure through the application of more sustainable technologies and methodologies. In order to carry out this purpose, ISI will support and promote the understanding and practical application of sustainability as it applies to civil infrastructure through training, education, and development of resources. One such resource is the new rating system for Civil
Infrastructure, Envision TM . The Envision TM rating system is designed for public infrastructure: roads, bridges, pipelines, railways, airports, dams, levees, landfills, water treatment plants, and other components of our built environment.
This system will not compete with the LEED rating system, which focuses on the building envelope. Whereas buildings have a single owner and a defined footprint, civil infrastructure has multiple stakeholders and serves large communities with public dollars. The desire is that the Envision TM rating system will revolutionize the design process and mindset of civil engineers and bring sustainability concepts to the forefront the way that LEED has enhanced building design.
The goals of the Envision TM rating system are far-reaching. For one, the rating system is designed to evaluate, grade, and give recognition to infrastructure projects that successfully incorporate sustainable practices and build a better future.
More importantly, the rating system is designed to inform and guide civil engineers through the planning, design, and construction phases to foster improvement in our infrastructure.
If this program is successful, it will lead to a paradigm shift in the way that owners and engineers approach projects. Instead of judging the project based on traditional metrics of meeting scope, schedule and budget, we will take a holistic view to see if the project has been integrated effectively into the community. Did the project account for durability and flexibility to handle ever-changing operating conditions? Did the project restore and preserve natural systems and meet the triple bottom line of economic, social, and environmental factors? The Envision TM rating system asks two essential questions: "Did we do the right project?" and "Did we do the project right?" For water supply projects, the planning phase is essential for determining the "right project" to solve the needs of the community. In order to "do the project right," the owner and engineer must establish the framework for project implementation, incorporate sustainable practices in the design phase, and then follow through in the construction and operation phases. There are various versions, or stages, of the Envision TM rating system. Stage 1 is the exploring and testing stage and is essentially a checklist with 104 objectives in the form of questions. Users are instructed to determine which objectives are applicable to a project and then whether or not the objective was fully considered. The Stage 1 rating system was released in July 2011, in draft form, for public comment. The rating system is organized with three levels:
• Section -There are ten Sections or Primary Criteria included in the rating system. These are major groupings of commonly understood sustainability attributes.
• Subsection -Each section is broken into subsections consisting of subject areas that are recognized as important sustainability objectives of the section. Each of the ten sections has at least one and up to four subsections.
• Objectives -Each subsection has one or more objectives and is given a number, title, and description. Each description is phrased as one or more questions. Key items of note on the Stage 1 module:
• This module is intended to make users familiar with problems, issues, and challenges of working in a non-sustainable environment.
• The Stage 1 module is used to gain a better understanding of sustainable principles and how they apply to projects.
• The Stage 1 module is a high-level evaluation of existing or proposed project designs that can be used at any stage of a project, but the earlier the better.
The Stage 2 module is more comprehensive and enables users to assess and rate their projects against the full slate of infrastructure sustainability objectives. This is the module that assessors will use to rate a project for awards. Version 2.0 of the Stage 2 rating system was released in January 2012 and is designed primarily for the assessment of infrastructure projects during the design and preconstruction phases.
Tools for the construction and O&M phases are still under development. Key notes for the Stage 2, preconstruction scoring tool are as follows:
• There are 60 assessment objectives, called credits, organized into five primary sections.
• Each of the 60 objectives is given a number and title and is given a maximum available score. Each objective is in the form of a question.
• Each objective considers the level of achievement (and a corresponding score) for the project. Discussion is included that defines expectations, considerations, and how to advance to the next level of achievement. The levels range from Improved to Enhanced, Superior, Conserving, and
Restorative. In some cases, you need to reach the restorative level to receive the full 10 points for the objective. In other cases, simply reaching the Superior level will score 10 points.
• Further discussion, guidance, measures, criteria, and references are also included for each objective.
• A scoring module is available to work through the criteria and assign a score. In the tool you can scope out objectives that do not apply, list the level of achievement, and describe the evidence for the score. The template will determine the score for each objective and section and graphically display the results.
The following table summarizes the Section, the number of objectives for each section, the maximum possible score and the resulting weighting of the Stage 2 Rating System. The Draft ISI Envision TM Sustainability Rating Checklist includes a section for water resources and environment. The checklist includes considerations for maintaining, protecting, and replenishing water resources, designing for robustness and resiliency in fresh water availability and quality, conserving water and reducing water consumption, protecting surface water and groundwater quality, and protecting and improving watershed functions (ISI, 2012) . Each of these considerations can be applied to optimize the use of existing water supply sources.
Emerging Technologies and Less Traditional Supply Sources
Consider emerging technologies and less traditional water sources such as brackish groundwater and reuse supplies. Is brackish water available, and is desalination an option? Is reuse water available? Consider whether the project could benefit from direct reuse, or whether direct reuse could meet a water supply need where potable water is currently used, thus freeing the potable water for other uses.
Another consideration might be whether constructed wetlands are feasible for treating reuse water. Constructed wetlands provide environmental benefits in addition to the water supply benefits. In the Draft ISI Envision TM Sustainability Rating Checklist, there are considerations for using recycled water and rainwater.
Optimal Use of Multiple Sources
If a new water supply source will be introduced into a system, consider the most efficient way to operate the system to use existing water supplies and the new supply. Consider opportunities for conjunctive use of multiple sources. Conjunctive use, which typically refers to using groundwater and surface water together, is the coordinated management of multiple water sources to maximize the yield of the overall water supply system. Managing two water sources together may provide a higher reliable yield than if the two sources were operated independently.
Customized system operations models can be developed to assist owners in optimally using multiple water sources.
While the Draft ISI Envision TM Sustainability Rating Checklist does not explicitly address optimizing the use of multiple water sources, it can be considered an alternative for improving water availability and resiliency.
Regionalization and Partnering Opportunities
Determine if partnering opportunities exist to share infrastructure and/or water sources. A likely first step toward regionalization and partnering is to identify potential partners. Entities within a specific geographic range may be interested in partnering. Perhaps multiple entities share a single water source or have water sources that could be shared and/or "swapped." In some states (Texas, for example), a regional water planning process can be used to explore such potential partnerships.
Models with multiple owners and sources can be developed as tools to study partnering alternatives and to subsequently manage the operation of shared water resources.
Regionalization and partnering opportunities are not explicitly addressed in the Draft ISI Envision TM Sustainability Rating Checklist, although they could be considered alternatives for improving water availability and resiliency.
Design. The design phase is usually divided into preliminary and final design phases.
A thorough planning phase, as described above, identifies the correct project to be built. The preliminary design phase should analyze alternatives and determine the best design to satisfy project needs. Input from the owner is essential in making these decisions. The final design will focus on developing drawings and specification to construct the project.
Sustainable infrastructure provides for economic, environmental, and societal well-being, now and in the future. This triple bottom line concept can be used to seek areas of improvement in the way our current civil infrastructure is designed. The following sections are grouped to lay out ways in which water supply projects can reduce social impacts, reduce environmental impacts, and provide economic benefits.
Social Impacts
Sustainable infrastructure should benefit the community as a whole and reduce short and long term impacts. The starting point is to open lines of communications between owners, engineers and end-users of the project, including the community. Robust communication with project stakeholders will align their understanding of the need and purpose of the project and how to accomplish the objectives. Community meetings and other outreach activities will bring input from the stakeholders who will benefit from the project and be affected during project construction and operation. This is a great way to gather input, balance objectives, and build awareness.
Another key factor to a sustainable community is maintaining or creating employment opportunities. Envision TM also recognizes projects that improve the community workforce. Projects should use existing local resources where possible and protect areas that provide jobs and development, such as key real estate or prime farmland.
The design of infrastructure should seek to reduce negative impacts to communities through minimizing nuisances and disruptions to everyday life. This would include reducing disruptions to traffic patterns along with noise and light pollution, both in the construction and operational phases. An example would be to specify construction techniques, such as trenchless technology, that reduce impacts to the public and businesses.
Designers should also look for opportunities to preserve or enhance areas that provide significance to the area, such as historic and cultural resources, along with parks and other recreational areas. Examples might include adding landscaped hike and bike trails to utility corridors.
Environmental Impacts
By definition, water supply projects are going to take water from one area, either an aquifer, river, or lake, and transport it to another location for public consumption. The key is to minimize environmental impacts at the source and along the way. The Envision TM rating system lists the following considerations for preserving wildlife and their habitat.
• Preserve or enhance wildlife refuges.
• Preserve and restore wetlands.
• Protect high conservation value forests.
• Preserve and protect karst topography and aquifers.
• Protect from desertification, wildfires.
• Control invasive species.
• Protect or enhance land of high ecological or species value.
Another environmental impact is pollution. Several considerations for the reduction of pollution include:
• Minimize light and noise pollution including vibration and other nuisances.
• Protect water and air quality.
• Prevent soil loss, pollution infiltration, and stormwater runoff.
• Reduce pesticides, herbicides, and fertilizer use.
• Determine how to use unwanted by-products.
• Reduce greenhouse gas emissions.
• Incorporate recycled materials A final aspect of environmental impact is to preserve natural features:
• Preserve natural landscape features.
• Projects should fit the local character.
• Minimize negative impact on views.
• Select greyfield or brownfield sites for development in lieu of greenfield sites.
Economic Impacts
In the past, the economic bottom line was the one and only bottom line.
Sustainability is intended to bring environment and community needs to the table as well. Yet, we cannot lose sight of the fact that budgets are real and money is needed to implement new projects and maintain existing infrastructure. For any organization, budgets must be well defined and financing of projects must be considered in the design phase. For new projects, the following considerations are crucial to balancing initial costs with future costs:
• Consider the bidding environment in determining project delivery methods.
• Reduce operational costs, especially pumping costs.
• Design access for future inspection and maintenance thus reducing costs for future maintenance and improving the ability to properly evaluate the system in the future.
• Make value based decisions. This means weighing options not only on the initial cost, but the value that it adds to the project, now and in the future.
• Contribute to local well-being. This could be through adding jobs, adding skills to the marketplace, or encouraging beneficial development in a community.
• Build in durability. Durability is crucial in extending the life of a project or asset. Simply paying a little more in the short term can add to the life expectancy of the project, potentially delaying future projects or rehabilitation that is more costly.
• Build in reliability. Failure to deliver clean drinking water to a community is unacceptable, even for short periods of time. Systems must be reliable. For this reason, back-up systems and redundancy is necessary, and proper maintenance is a must. Designers must consider various modes of failure and analyze risk to ensure a reliable system.
• Build in flexibility. They say that change is inevitable. Systems must be flexible to handle the change that occurs over time. Designers must look at extreme conditions and plan accordingly.
Project Management
The Envision TM rating system will also attempt to influence project management and strategy in the section on Leadership, as this sets the stage for the design team to implement sustainable practices. The system acknowledges that owners need to set values and lead the way when it comes to implementing sustainability. If there is no leadership and no commitment from the owner or the project director, then initiatives usually fail, and people go back to doing things the way they were always done. Several key components outlined in Envision TM include:
• Establish authority and responsibilities throughout the design team.
• Establish collaboration between owner, engineer, contractors, communities, and other stakeholders.
• Develop a system to manage issues, impacts, and opportunities and track progress.
• Work with public agencies to identify and resolve conflicting standards, policies, and regulations as well as keeping up to date with new standards.
• Use suppliers that follow sustainable policies and practices.
Tools
There are a number of tools that designers can use to evaluate alternatives for sustainability. System modeling is one such tool that allows designers to determine how a new project contributes to the overall efficiency and effectiveness of the existing infrastructure. Models can be used to evaluate water quality impacts, potential for hydraulic transients, alternate pipeline diameters, and locations for storage and connections.
A more advanced tool for comparing sustainable initiatives is a Life Cycle Assessment (LCA) described in ISO 14040/44. This tool may be used for comparing various products and their overall environmental impact over the life cycle of a manufactured product, from raw material to final disposal, commonly referred to as cradle-to-grave. An LCA may be broken into an Environmental Impact Assessment (ICA) that focuses on carbon footprint and a Life Cycle Cost Analysis (LCCA). Life cycle cost is an effective way to evaluate alternatives in which initial capital costs are weighed against long-term operational and maintenance costs, including repair and replacement. This analysis can help determine optimal location of facilities, pipeline diameters, pipeline materials, pipeline routes, and operational strategies such as comparing throttling versus using variable frequency drives.
Operations and Maintenance. Up to this point, the sustainability discussion has been centered on new projects. Although this is important, and owners will continue to expand their systems to meet demands, the operations and maintenance (O&M) phase applies to all existing infrastructure. There is an opportunity for all owners to apply sustainable principles in the way they operate and maintain their existing water supply systems.
The good news is that owners have already adopted many of these practices; they may just need to be more intentional in carrying out their current O&M practices. Sustainable practices in this phase should center on operating efficiently, reducing waste, and performing maintenance to make systems more reliable and to extend the useful life of existing infrastructure.
Energy Efficient Operations
All system owners should strive for efficient operations in order to reduce power usage and reduce power costs. Improvement in these areas will directly impact the triple bottom line by reducing cost to operate the system and reducing demand on power systems to, in turn, help the environment. The following are some practical applications:
• Operate the system the way it was designed to be run -many operators of older systems may fall into bad habits that do not use equipment the way it was intended to be used.
• Monitor energy usage, determine the best efficiency points, and operate in these regions when possible.
• Maintain pumps so that they maintain efficiency.
• Look for energy recovery opportunities.
• Replace older systems with newer, more efficient technology.
• Consider time-of-day pumping in order to pump during off-peak hours.
• Consider pigging or treating pipelines to reduce head loss.
• Consider replacing valves that break a lot of head, especially pump control valves used to throttle systems. These could potentially be replaced with open port valves, or variable frequency drives could be installed to reduce throttling.
• Use or increase storage in the system to reduce throttling of valves and constant adjustments.
Reduce Waste
Another strategy centered on efficiency is identification and reduction of waste.
Waste reduction saves both resources and energy consumed to pump and treat the water. Several ways to reduce waste include:
• Identify water loss in pipes though leak detection programs, and take steps to reduce loss.
• Reduce overflows.
• Work with end users to conserve water and reduce leaks and waste on their end.
• Recycle materials, and look for opportunities to up-cycle.
Proper Maintenance
A poorly maintained system, over time, will become unreliable, provide poor service, and require more costly repairs. In order to conserve resources, water system assets must be maintained in order to extend their service life and delay costly repairs and new construction. Owners must maintain systems properly in order to provide reliable service and extend the life of existing facilities. Strategies include:
• Prepare a thorough maintenance plan and follow it.
o Repair or replace coating systems on tanks, pipes and equipment.
o Exercise valves regularly.
o Maintain air valves.
o Use and check performance of cathodic protection systems.
o Test and monitor surge control systems.
• Use asset management.
o Have a thorough understanding of your existing system and assets.
o Monitor systems to establish baselines of performance.
o Inspect systems to know their condition.
o Identify water loss and take steps to reduce it.
o Plan and budget for repairs and upgrades.
o Prepare emergency management plans.
o Look for opportunities to add redundancy to improve reliability.
• Protect assets.
o Identify and reduce point source pollution in reservoirs.
o Secure facilities such as dams, pump stations and treatment plants.
o Reduce third party damage by properly identifying subsurface assets and watching for encroachment activities.
The ideal operation of a water system allows it to supply and deliver water reliably and efficiently at the least possible cost. In mature systems, owners should focus on energy efficiency, waste reduction, asset management, and proper maintenance to reduce life cycle costs and deliver exceptional performance that benefits the community.
Conclusion
Water is a finite resource that is essential for life, development, and growth.
Implementing sustainability in every stage of a water supply project will extend the useful life of the water resources we have. The Envision TM rating system will help owners and engineers recognize where sustainable practices have already been implemented and where opportunities exist to enhance sustainability in water supply planning, design, construction, operation, and maintenance. Remember the two key questions: "Are we doing the right project?" and "Are we doing the project right?"
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